Abstract-While much is known about the effects of dual tasking on cyclical and continuous motor performance (e.g., locomotion), there is a paucity of information on the effect of dual tasking on the initiation of movement. Therefore, the purpose of this study was to investigate the effect of a concurrent cognitive task on gait initiation in three groups: patients with Parkinson disease, healthy older adults, and healthy young adults. We examined the anticipatory postural adjustment displacements and velocities during single-task gait initiation as well as two dual-task conditions: (1) 0-back + gait initiation and (2) 2-back + gait initiation. The Parkinson disease group exhibited less anticipatory postural adjustment displacement and velocity than their aged-matched healthy peers and young adults during the single-and dual-task gait initiation settings (p < 0.05). Of interest was the finding of no additional effect on anticipatory postural adjustment displacement or velocity of gait initiation during the dual-task conditions in any group, including the Parkinson disease group. More traditionally studied gait/balance dual-task paradigms have demonstrated both motor and cognitive decline. Therefore, our results may suggest a prioritization of more "intentional" movement task (e.g., gait initiation) while dual tasking in Parkinson disease.
INTRODUCTION
Individuals with Parkinson disease (PD) demonstrate motor impairments during performance of many daily functional tasks, including gait initiation (GI) [1] [2] . During GI, patients with PD demonstrate reduced propulsive force generation, increased step length variability, and diminished anticipatory postural adjustments (APA) [1] [2] [3] . Collectively, these impairments compromise the necessary momentum production required for efficient and safe GI.
Cognitive decline that accompanies PD is also a critical contributing factor to worsening physical function [4] . Indeed, impaired executive function and attention are related to postural instability in PD [5] . Further, "dual tasking," or the simultaneous performance of motor and/or cognitive tasks, compounds decrements in motor and cognitive performance [6] [7] [8] . For example, patients with PD have demonstrated profound effects of secondary cognitive tasks during locomotion such that their ability to maintain a stable walk is impaired [7] .
While much is known about the effects of dual tasking on cyclical and continuous motor performance (e.g., locomotion), there is a paucity of information on the effect of dual tasks on the initiation of movement such as GI. In fact, to our knowledge, only one study exists examining the effect of a cognitive task on GI [9] . This study demonstrated a slowed "response time" to a secondary cognitive task during GI. However, it did not present findings on the displacement and velocity of the APA during GI and it was only specific to healthy young and old adults. The fact that little attention has been devoted to examining GI during PD dual tasking is surprising considering the noted impairments during dual tasks as well as the difficulties patients have initiating transitional movements (e.g., freezing during GI).
For this project, we studied the effects of a concurrent cognitive task on the APA during GI. The APA serve to accelerate the body's center of mass forward and laterally toward the stance foot by moving the center of pressure posterior and toward the stepping leg [1] [2] 10] . Measurement of the displacement of the center of pressure during the APA of GI is a common measure of postural stability, providing insight into the generation of forward momentum needed for locomotion [1] [2] . Importantly, we have previously shown that the outcomes of the APA during GI are vulnerable to changes that occur in the system with advanced age and disability [1] [2] . Because the APA of GI are thought to be initiated via juxtapositional lobule cortex (formally the supplementary motor area) [11] , it is possible that dual tasking during GI will differentially affect motor/cognitive performance because both the motor and cognitive tasks in this paradigm will rely on higher cortical function.
To evaluate the influence of cognitive loading on GI, we utilized an n-back task. The n-back task requires participants to monitor a sequence of letters and respond whether the current item is the same as the item n positions before. This is a commonly utilized working memory task because accuracy depends on maintaining and updating task-relevant stimuli and inhibiting interference from irrelevant stimuli held in working memory as the trials proceed [12] [13] . The working memory load increases as the demands for maintenance, updating, and inhibition increase with the size of n. The n-back task reliably produces activation in working memory-related cortical regions, namely the prefrontal cortex [13] . Deficits in working memory are commonly implicated in the cognitive pathology of PD [14] .
We predicted that both healthy young adults (HYA) and healthy older adults (HOA) would have more robust measures of the APA during GI than PD participants in the absence of the cognitive task, i.e., "single-task GI." Additionally, we predicted that a greater dual-task effect would be observed in the PD participants, hypothesizing that the decrements in single-task GI performance demonstrated in PD would be exacerbated with the additional requirement of the cognitive task. To test these hypotheses, in addition to single-task GI, we measured the participants' GI performance while they simultaneously performed a 0-back (low working memory load) and a 2-back (high working memory load) task. To further understand the effects of the dual-task paradigm, we calculated the percent correct of 0-and 2-back performance in both single-and dual-task settings. We hypothesized that as n-back complexity increased from 0 to 2, the PD group would produce greater errors in both single-and dual-task settings.
METHODS
We examined a total of 37 adults from the greater University of Florida area. Thirteen participants (aged 65.8 ± 2.0 yr) were diagnosed as having idiopathic PD by a movement disorders neurologist using standard diagnostic criteria (UK Brain Bank Criteria for PD). Hoehn & Yahr (H&Y) disability staging ranged between 1 and 2.5. PD participants were on stable doses of dopaminergics, and evaluations were conducted while the patients were clinically "on," or fully responding to their PD medications. At the time of testing, none of the patients exhibited any dyskinesia, dystonia, or other signs of involuntary movement. Further, PD participants completed the experimental trials without incident or other disruption, such as festination or freezing.
Thirteen HOA (aged 66.4 ± 2.6 yr) who were age-(1.5 yr) and sex-matched to the PD participants also volunteered. Lastly, 11 sex-matched HYA (aged 20.9 ± 2.1 yr) participated. These HOA and HYA were free of any acute or chronic condition that would interfere with their participation in the study.
All participants were community living and free of visual impairments that would limit their ability to perceive the visually presented n-backs. Further, no participants demonstrated overt cognitive impairment, as measured by a Mini-Mental State Examination (MMSE) score <26.
Instrumentation: Center of Pressure Displacement
To determine the APA, we determined the displacement and velocity of the center of pressure from ground reaction forces recorded from a force plate (Type 4060-10, Bertec Corp; Columbus, Ohio) embedded level with the floor. Forces and torques were sampled at 360 Hz, filtered with a fourth-order Butterworth low-pass filter with a cutoff frequency of 10 Hz.
Experimental Protocol
The data collection consisted of three single-task GI trials, three 0-back GI trials, and three 2-back GI trials. Thus, nine experimental GI trials were collected. The order of all GI trials was randomized. During practice trials (2-3), the preferred leg to initiate gait was observed, recorded, and held consistent throughout the data collection. Initial positioning of the feet was self-selected and then subsequently marked to ensure consistent foot placement and stance width throughout the experimental protocol.
Single-Task Gait Initiation
Participants began each trial standing quietly on the force plate in a relaxed posture and were instructed to distribute weight equally between their two feet and to fix their gaze on a target (fixation cross) at eye level 6 m in front of them. In response to a visual cue (an illuminated light within the fixation cross), the participants initiated gait and continued to walk the length of the 5 m walkway.
Dual Task: Gait Initiation and n-Backs
While standing on the force plate just described, participants were instructed to respond "yes" if the letter was the same as n letters before or "no" if the letter was different. The n-back stimulus consisted of 25 letters, of which 20 percent were a "target" stimuli requiring a "yes" response. For the remaining 80 percent of letter stimuli, participants needed to respond "no" for a correct response. Participants were instructed that a failure to respond would be counted as incorrect. The letters were projected on a large screen at eye level 6 m in front of the standing participant in a fixed location. Each letter was presented on the same screen and space as the fixation cross to minimize the participants having to move their eyes. Each letter was visible for 1.5 s, followed by a 1.5 s interstimulus interval. During each n-back block, at a random interstimulus interval (held consistent for each participant), the illuminated light (same as in the single GI condition) would cue the participants to initiate gait. Importantly, the illuminated cue appeared in the same space on the screen as the fixation cross and letters to minimize eye movement. Participants were instructed to initiate gait after the light signal, continue walking the length of the 5 m walkway, and wait, if necessary, while continuing to answer "yes" or "no" until the completion of the n-back (a blue screen). Similar to previous dualtask paradigms, participants were instructed to perform as accurately as possible and to equally divide their attention between the cognitive and motor tasks [15] .
Single Task: n-Backs
The single-task n-back trials were conducted at the same rate as the dual-task condition. However, during the single-task n-backs, participants were seated in a quiet room and the n-backs were presented on a computer screen. The order of single versus dual task was randomized. To control for practice effects, all participants performed three practice blocks at each level and reported task comprehension.
Landmarks and Data Analysis
Custom MATLAB software (version 7.9.0, R2009b, The MathWorks; Natick, Massachusetts) was used for identification of the APA. The APA phase began with the initial movement of the center of pressure and ended when the center of pressure was located in its most posterior and lateral position toward the swing limb. Four dependent variables were computed during the APA phase: displacement and velocity of the center of pressure in the anterior-posterior direction and displacement and velocity in the medial-lateral direction toward the swing foot.
The percentage of correct responses during the nbacks in the single-and dual-task settings was calculated and averaged across each of the three blocks within each condition, yielding a single percent correct score for single-task 0-back, single-task 2-back, dual-task 0-back, and dual-task 2-back.
A 3 (group) × 3 (condition) repeated measures multivariate analysis of variance (MANOVA) was used to test the overall group (HYA, HOA, PD) differences across conditions (single GI, 0-back GI, 2-back-GI) on the four dependent variables of the APA phase of GI (displacement in the anterior-posterior and medial-lateral directions as well as velocity in the anterior-posterior and medial-lateral directions). Additionally, two separate 3 (group) × 2 (condition) repeated measures analyses of variance (ANOVAs) were performed to test the overall group differences across conditions (single 0-back vs dual 0-back and single 2-back vs dual 2-back) on the percentage of correct responses during the n-backs.
RESULTS
Descriptive statistics (mean and standard deviation) were calculated for all participants on age, education, and MMSE (Table) . ANOVA of these measures revealed no significant differences between groups (p > 0.05) apart from an obvious difference in age between HYA and the other two groups.
Single-Versus Dual-Task Gait Initiation
The 3 × 3 MANOVA revealed a significant main effect of group, F(8, 62) = 2.38, p = 0.03. The PD group demonstrated decreased displacements and velocities compared with the HYA group on all four variables (p < 0.05) (Figure 1) . Further, compared with HOA, those with PD demonstrated significantly less displacement in the medial-lateral direction and significantly slower velocity in the anterior-posterior and medial-lateral directions of the APA during GI (p < 0.05) (Figure 1) . The main effect for condition was not significant, indicating that among the four outcome variables, no significant effect of the dual task was observed within any group (Figure 2) . Additionally, the group-by-condition interaction was not significant.
Single-Versus Dual-Task n-Backs
The groups did not statistically differ in the number of correct responses in the single-or dual-task 0-back (p > 0.05). The PD group was significantly less accurate during the single-task 2-back than HYA and HOA (p = 0.01 and p = 0.02, respectively). Additionally, this effect was exaggerated in the dual-task 2-back. In fact, a post hoc t-test comparing PD 2-back performance to chance (50%) during the dual-task condition (53%) confirmed no statistical difference. In contrast, the HYA and HOA demonstrated no effect of the dual task on performance of the 2-back (Figure 3) .
DISCUSSION
This study examined GI performance in HYA, HOA, and patients with PD under single-task and two dual-task conditions of varying cognitive load. We hypothesized that both HYA and HOA would have more robust measures of the APA during GI than the PD participants in the absence of the cognitive Table. Subject characteristics: sex, age, years of formal education, and Mini-Mental State Examination (MMSE) for healthy young adults (HYA), healthy older adults (HOA), and participants with Parkinson disease (PD), as well Hoehn & Yahr disability score (H&Y) and Unified Parkinson Disease Rating Scale (UPDRS) motor and total scores for participants with PD. Data shown as mean ± standard deviation. Analysis of variance revealed no significant differences between groups apart from obvious age difference between HYA and other two groups. the decrements in single-task GI performance demonstrated in PD would be exacerbated with the additional requirement of a cognitive load (0-and 2-backs). In line with our hypothesis, when we examined the APA phase of GI during both a single-and dual-task paradigm, the PD group exhibited less displacement and velocity than HYA and HOA (Figure 1) . Of interest and in contrast to our hypothesis was the finding that the displacement and velocity APA phase of GI was not influenced by the dual-task conditions in the PD group (Figure  2(a)-(d) ). Significantly, however, the PD group committed more errors on the 2-back during the dual-task condition (53% correct) than during the single-task condition (92% correct) (Figure 3) . Of note, the PD participants were early on in the disease (H&Y 1-2.5), were highly educated (18+ yr of education), and demonstrated no overt cognitive impairment as measured by the MMSE (28.5 ± 1.5). Considering these factors, the degree to which the PD participants' performance degraded on the 2-back during the simultaneous motor/high-cognitive task condition was quite surprising. In fact, the PD group performed at the level of chance on the 2-back during the dual-task condition. It is important to note this finding may reflect an imbalance in the allocation or a prioritization of motor versus cognitive performance, despite instructions regarding attention allocation.
Group
Posterior center of pressure displacement of the APA phase during GI is vital to generate the forward momentum required to propel the body forward to initiate forward locomotion. In the present study, during both the singleand dual-task GI paradigms, those with PD had reduced posterior center of pressure displacements and velocities when compared with their aged-matched healthy peers and HYA. Previous studies [16] [17] [18] have identified several distinguishing postural abnormalities in PD that may contribute to these findings, including (1) abnormally sized automatic postural responses, particularly enlarged "medium latency" stretch responses in lower-leg muscles; (2) delayed initiation or reduced scaling of voluntary postural responses; and (3) abnormal execution of compensatory stepping movements. Collectively, these decrements compromise propulsive force generation and the required forward momentum production for safe, efficient GI.
Contrary to our hypothesis, the addition of the secondary cognitive task during GI did not disrupt the APA when compared with single-task GI within the PD group. This finding is quite surprising in the PD group, because the detrimental impact of secondary cognitive tasks on previously examined motor tasks, such as standing balance and gait, is robust [19] . It has been hypothesized that the reduction in gait performance and arrhythmicity of gait under a dualtask condition is due to individuals with PD recruiting attentional resources for gait, specifically the frontal-cortical regions, to compensate for the damaged automaticity of gait [20] . Because of limited cognitive resources and the neurodegenerative nature of the disease, the ability to recruit attentional resources is limited, particularly during a dual task and, as such, performance suffers. Thus, it is surprising that the APA phase of GI remains unaffected despite the disruptions in gait/balance during a dual task.
An examination of the finding that GI performance was unaffected by a secondary cognitive task is interesting when examined in the context of the "posture second" strategy proposed by Bloem and colleagues [19] . The posture second strategy suggests that PD patients treat all elements of a dual task with equal priority. The authors speculated that this strategy is adopted at the expense of maintaining a safe gait and, as such, may lead to a fall. Importantly, the posture second strategy is proposed in the context of walking/balance tasks. While walking/balance tasks are traditionally considered "automatic" processes regulated by the basal ganglia and/or spinal cord, GI is considered a more voluntary, "intentional" process controlled by higher cortical networks, specifically the juxtapositional lobule cortex. Therefore, our results suggest that during more intentional tasks, like GI, patients with PD may be able to prioritize if they perceive one task as having greater importance in terms of safety and/or self-fulfillment. However, further research on dual-tasking GI is needed to partition out the effect of prioritization.
An additional or perhaps alternative explanation for the lack of dual-task effects during GI in the persons with PD stems from the postulation that GI is indeed more reliant than gait on higher cortical function (juxtapositional lobule cortex). Importantly, clinical findings implicate juxtapositional lobule cortex pathology as a cause of disturbances in GI as well as freezing of GI in PD [11, 21] . Further, imaging studies have demonstrated impaired movement-related activation of the juxtapositional lobule cortex in PD [22] . The 2-back, on the other hand, is known to place demands on the higher executive processes, specifically activation in the dorsolateral prefrontal cortex [15] . And much like the juxtapositional lobule cortex, imaging studies have demonstrated compromised dorsolateral prefrontal cortex circuitry during the performance of various working memory tasks in PD [23] . As such, the lower levels of cortical activation in the dorsolateral prefrontal cortex and the juxtapositional lobule cortex during GI in conjunction with a high-load cognitive task (2-back) may result in "limited sharing" of resources and, consequently, a hindrance of performance on one or both of the tasks.
The hypothesis that limited higher cognitive sharing between two higher cognitive requirements is in line with the capacity-sharing model proposed by O'Shea and colleagues [24] . This model suggests that performance on two tasks reduces functioning of one or both tasks if capacity is exceeded, regardless of the nature of the tasks. However, we suggest that the types of tasks involved are crucial. For example, if two tasks (i.e., frontally mediated intentional tasks) require similar resources and those resources are limited, patients may not have the capacity to allot sufficient resources to both tasks to maintain an adequate level of performance. Importantly, the task perceived to be of most importance may benefit from this limited-sharing phenomenon (e.g., GI), while the perceived less important task suffers, as did 2-back performance here. Future research is needed to examine allocation of resources during dual tasking in PD.
While we believe this study does have merits, the limitations should be pointed out. For example, we found no overt cognitive impairment as measured by the MMSE; however, a more sensitive measure of cognitive functioning, particularly to frontally based tasks, could be utilized in future studies to assess the effect of cognitive status on GI during a dual task. Utilizing a dual-task paradigm, Rochester and colleagues did demonstrate that decreased executive function increased difficultly in walking for PD [25] . Thus, a more robust evaluation of executive function could provide greater insight into mediating factors contributing to decreased dual-task performance in PD.
CONCLUSIONS
In conclusion, the results of this study confirm that patients with PD exhibited less APA than aged-matched HOA and HYA during GI. Of interest was the finding of no additional effect on APA of GI during dual-task conditions in any group, including the PD group. Future research is needed to partition out the effects of prioritization and allocation of resources.
